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(g) Transgenic tomato plants with altered polygalacturonase isoforms. 

(S7) A method of creating a transgenic tomato containing a lowered level of polygalacturonase isoform 1 
is disclosed. This method begins with the step of isolating a DNA sequence encoding at least a portion 
of the polygalacturonase beta-subunit. This portion is sufficient to hybridize effectively to the mRNA of 
the polygalacturonase beta-subunit in vivo . A genetic construction is created from the cDNA clone in 
which the cDNA clone is positioned so that the antisense version of the polygalacturonase beta-subunit 
message may be produced from the done. A tomato cell is transformed with the construction, whereby 
the tomato cell produces in the fruit a lowered level of PG beta-subunit and, hence, lowered levels of 
polygalacturonase isoform 1. 
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Field Of The Invention 



- I 



* Jn h& Pre ? nt ^f 0 " r6,ateS 9enera,,y t0 trans 9enic plants. Specifically, the present invention relates to 
a transgemc tomato plant with altered levels of isoforms of the enzyme polygalacLnase 



Background Of The Invention 
Polygalacturonase 
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of pathogen sensitivity to mutant fruit by the specific induction of PG expression suggests that increasing PG 
activity during fruit ripening may play an important role in altering the susceptibility of the fruit to pathogens. 

In addition, antisense inhibition of PG expression in wild-type tomato has been correlated with a decrease 
in "f ieldrot" during later stages of tomato ripening in the field. (Kramer, et al, 1 990, Horticultural Biotechnology . 
5 pp 347-355, Wiley-Liss Inc.). Although the mechanism of PG associated alterations in pathogen susceptibility 
is not known, these results strongly suggest a role for PG in post harvest pathogenesis. 

Tomato Processing 

10 An important determinant of many processed tomato fruit products, including sauce, paste and catsup, is 

the viscosity (i.e. thickness) of the final product One of the primary determinants of high viscosity is the pres- 
ence of large, unmodified pectin molecules. Pectin is a naturally occurring plant cell wall carbohydrate polymer 
that is composed primarily of polygalacturonic acid residues. Maintenance of pectin integrity during tomato 
processing is an extremely important part of the commercial process. 

is An important factor in loss of pectin integrity (decrease in the polymer size and subsequent loss of vis- 

cosity) during commercial processing of tomatoes is enzymatic degradation of pectin by PG. Although some 
modification of pectins by PG occurs naturally during the ripening process (DellaPenna, et al, Plant Physiology 
94:1882-86, (1990)), by far the most dramatic and commercially damaging action of PG on pectins and, hence, 
viscosity occurs when the tomato fruit is homogenized for processing. The PG enzyme present in the fruit has 

20 the potential to act in an uncontrolled fashion in homogenized fruit tissues and can rapidly degrade pectin poly- 
mers. 

A rapid, high- temperature heat treatment is used in commercial tomato processing to destroy PG enzyme 
activity and thereby maintain a higher viscosity in the final product. This treatment often comprises a process 
known as "hot break" and is performed by the rapid heating of the tomato product to near boiling point, to in- 

25 activate the PG enzyme as rapidly as possible. The annual cost associated with the input of large amounts of 
energy to bring millions of tons of tomatoes to the temperature needed to rapidly inactivate PG represents a 
significant cost to tomato processing industries. Annual tomato production in the US is approximately 6 million 
metric tons representing approximately 10% of worldwide production (1980 figures). 

It follows that any process that would allow less energy to be used to inactivate PG in tomato products 

30 would result in substantial savings to the industry. A process that would decrease the thermal stability of the 
PG isoforms would therefore decrease the minimum temperature needed to heat-inactivate PG during proc- 
essing. All commercially useful, non-genetically engineered tomato varieties currently on the market contain 
both PG1 and PG2 isoforms. Generally, 10-30% of total PG activity is PG1 in a ripe fruit One way to decrease 
the thermal stability of the PG isoforms would be to inactivate or lessen the amount of PG1, the more thermo- 

35 stable PG isoform. 

Antisense RNA 

It has been found in both procaryotes and eukaryotes, that the production of specific endogenous proteins 

40 can be inhibited by use of an antisense RNA. An "antisense RNA" is a complementary version of a naturally 
occurring or endogenously produced RNA. Because of its complementary sequence, the antisense RNA will 
hybridize to the mRNAof the protein sought to be inhibited under physiological conditions. This hybridization 
prevents translation and, therefore, protein production. The duplex RNA complex thus formed is eventually de- 
graded by appropriate cellular mechanisms, without resulting in expression of a protein. An antisense RNA can 

45 conveniently be formed for a known protein coding region by reversing the orientation of the protein coding 
region so that the end that is normally transcribed last is now transcribed first. 

Investigators have inhibited production of the catalytic PG2 polypeptide by antisense RNA technology and 
have shown a greater than 92% reduction of total PG activity relative to wild-type activity levels (Kramer, et 
Horticultural Biotechnology . 1990, pp. 347-355, Wiley-Liss, Inc.). This reduction had significant effects on 

50 processed tomato product viscosity when the product was subjected to the normal "hot break methods. These 
investigators did not, however, determine which PG isoforms were produced in the transgenic fruit. One would 
expect that the PG2 polypeptide levels were greatly reduced and that all of the PG activity formed would be 
in the PG1 (heat-stable) isoform due to the presence of existing beta-subunit protein, which would not have 
been affected by antisense inhibition of PG2 protein. 

>5 Inhibiting the level of PG2 expression is not the equivalent of lowered levels of PG1 . The reduction of cat- 

alytic PG2 polypeptide levels results in the lowering of total PG activity levels and PG2 protein levels, without 
affecting the formation of the heat stable PG1 isoform directly except by reducing the amount of PG2 available 
to form PG1. Because 100% inhibition of PG2 production has not been reported, any residual PG2 produced 
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10 000 g for 20 minutes, resuspended in one half volume of cold H 2 0 at pH 3.0 and repelleted. The cell debris 
pellet was resuspended in cold buffer contained 50 mM sodium acetate, 1 .25 M NaCI < P H 6.0) and stirred for 
at least one hour at 4°C. The extract was centrifuged at 10,000 g for 20 minutes and proteins in the supernatant 
were precipitated by the addition of ammonium sulfate to 70% saturation. After centrifugation, the resulting pro- 

JST^TiTT^ - ^ 0125 M S ° diUm 3Cetate (PH 6 0) and dla,y2ed e*e™vely against the same 
Sh n ^ by Centrifu 9ation and applied to a CM-Sepharose column equi- 

hbrated with 0.125 M sod.um acetate (p H 6.0). Bound proteins were eluted by a two step gradient of 0 45 M 

STX^^ 1 h- m sodium acetate (pH 60) - PG2 Aand B e,uted wlth 045 M sod - m ^ 

wniie rGi eluted with 1.0 M sodium acetate. 
10 A) bufferKOO^ 

anJ ?! ?hif n rT i ^ S ° dlUm aCetate> 1 mM Ca,dum acetate - 1 mM manganese sulfate (pH6.0)] 
and further purrf.ed by Con-A chromatography as previously described (DellaPenna. 1986 supra) PG1-con- 

mM D^HTor^H r,K entrate ? bV "'^ i,trati ° a dia,yZ6d a9ainSt 50 mM phosphate ' ™™ M NaCI. 0.1 
15 Te^l (1991° m by M ° n ° S FPLC chromat °9 ra Pny. Pogson et al. Aust. J. Plant Phvs 

tion I^! UbUni ? ° f ^Ir' 6 separated and isolated ^ described (Pogson et al.. 1991 supra). PG1 purifica- 
t.on and separator .of PG2 and the beta-subunit protein were followed by SD^PAGE. ElecSphoretic blotting 
and detecbon met hods for t he catalytic PG polypeptide were performed as described previously (D^aPenna 
au^ Jltf^- t l an i l6VelS dUrinQ eXtraCti ° n 3nd Purif ication were determined by hea inactivation 

SLntTrir f J^r • ^o Ch6m - 115:87 ' 90 ' 1981) and acBvity Staini "9 of P rotein ^ated by non- 

denatunng PAGE (DellaPenna, 1987 supra) . ' 

nh fl «!l?Jn rni r a, t Se ?f nCe i a , nalySiS ° f the PU " fied beta " subuni * was performed with a Beckman 890M gas 
C enlnT r n ' bela - Subunit '^nts were generated by digestion with Lys-C and Glu- 

?um no nr^! e » S « 9 ' nStruCtions supplied bv the manufacturer (Promega, Madison. Wisconsin). The re- 
quenir 9 reS °' Ved by SDS - RAGE ' blotted t0 PV DF membranes and directly se- 

»„ ^" al P f ptide fra gments were of interest. The amino acid sequence of the Lys-C peptide was: NH^ 
NH A rtr"A Y o a 1 Sn 'g Y ^ ' n ' t?1 - Va ' (SE ° ' D NO: 1 >• The amino acid se « uence of tb * G'" C peptide was: 

m NO T^r £1? r nUde ? de L Pnmer WaS cons fr ucted - Th ese nucleotide primers are presented at SEQ 
ID NO. 3 (for the Lys-C pnmer) and 4 (for the Glu-C primer). 

of rnMl S nr^ 9en o ate ° ,i9oniJC,eolides were us «d for library screening and PCR-based MOPAC generation 

tomato IT, i 6 m,Cr ° 9ram ° f P °' y (A)+RNA fr ° m immatUre 9 reen ' ma,ure 9 reen - tu ™9 and fully ripe 
tomato pencarp tissues was used in PCR-based MOPAC reactions. A Not . primer-adaptor (Promega. Madison 

TJLn'-LT dasapnmerforf ^^and cDNAsynthesis. Subsequent PCR amplificaLcydes utilized a Noi 
\£0Zr . FT 3nd 3 de 9 enerate 5 ' pri mar (SEQ ID NO: 4). derived from the G.u-C beta-subunit 
^onH h! 9men !" mP Cd PTOdUCtS W6re electro Phoresed. blotted to nylon membranes and probed with a 
The-1 c 9 n "T ° ,, 9° nuc ' eo,ide < SE <> «> NO: 3) derived from the Lys-C beta-subunit protease fragment. 
The Lys-C pnmer recogmzed a 1.3 kb product generated in the MOPAC reactions. This 1.3 kb product was 

TkbMOPA^T ' • "ISZ* USin9 the LyS " C Primer < 5 '- end > and the Not ' ada P«» O'-and). This second 
s C « e nino S" T Pf0dUCt US6d in con * nc « on w « n degenerate oligonucleotides for library 

Wrntn f 9 „ Tk ana ' yS,S - O,i 9 onuc,eotide 5 '-end 'abelling and random primer DNA labelling were per- 
formed follow.ng the manufacturer's protocol (BRL, Gaithersburg MD) 

r ,.™ e C t DNA || libra, ' y ; conta ined 1.0 x 1 0? individual recombinants before amplification. For primary screening, 
To^^l T -!f ,00 ° PfU/P ' ate) Were Pr ° bed With the de 9— ate 17-mer Lys-C o.igonucleoJe 

tS^o^n^SS^T was TT* out for 4 hourc at 37 ° c in a solution of 6 x SSC: 1 * Denhardt>s 

SlTZ'fJ f ' ° % \° d,Um ey ro P hos P h ate; 100 ug/ml denatured salmon sperm DNA. Hybridization 
ZThJ ^ ™ ° Ver ?K ? 37 ° C 6 X SSC: 1 X ° enhardt ' S SO,Ution: 20 "9/ml tRNA; 0.05% sodium pyro- 
at 37'C for » 7 ' fv c^' ^ *" ^ WaShed twice for 5 minutes at ro °m temperature and twice 
0 05V Id k S k SSC: ° 05% S ° diUm PV r °P hos P h ate- A final wash was performed in 5 X SSC; 

sc^Lns ^-80^ 31 40 °° 10 minUteS - f HterS ^ eXP0Sed ° Verni 9 ht «*h intensifying 

P^ therr °^ds of screening were performed at low density using the PCR-generated MOPAC cDNAfrag- 

TCX CC^ and 3 d69enerate N - terminal °'«onuc.eotide [5'-AT(AG) 

ISLS } J, { \ ^ <CT) TC (SEQ ' D NO: 5)] derived from the N-terminal protein sequence Hy- 
the SoPAP T 0r S! Oli 9°" uc,eo « d as were as described above. Hybridization conditions used with 

Bu^EIfT fragments were as described by Sambook et al 1989. (syera). Following plaque 

punf K=at.on. p.asm.ds were rescued by in vivo excision, following the manufacture's pro^(Stratagene) Dou- 
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ble-stranded DNA sequencing was performed. 

All the beta-subunit clones we obtained have the restriction pattern illustrated in Fig. 1. We have se- 
quenced two beta-subunit cDNA clones and fragments of 11 others. SEQ ID NO: 6 is the consensus DNA se- 
quence we obtained from the clones. A poly-(A) tail of 35 residues was found at the end of the cDNA but has 
5 been removed from SEQ ID NO: 6. 

3. Antisense Expression of the Beta-Subunit cDNA 

Expression of the beta-subunit protein will be modified by introducing Cauliflower Mosaic Virus (CaMV) 

10 35S promoter driven chimeric genes containing a full-length beta-subunit cDNA in the antisense orientation 
into various tomato genotypes. This highly expressed constitutive promoter is widely available. Other promot- 
ers may also be utilized. The constitutive CaMV 35S promoter will be initially used forthe proposed experiments 
because this promoter has been shown to promote high levels of protein production in most plant organs, in- 
cluding tomato fruit. Kramer, et at, supra . 

15 The feasibility of reducing the expression of tomato fruit genes by antisense RNA technology has been 

demonstrated by Kramer, et aL (supra) . A similar strategy will be employed to inhibit expression of the beta- 
subunit protein in transgenic tomato plants. Antisense repression of beta-subunit protein production will greatly 
decrease the amount of beta-subunit protein available for the formation of PG1, thereby resulting in accumu- 
lation of only the PG2 isoforms. 

20 First, an antisense DNA construction will be created. At a minimum, this DNA construction must contain 

a promoter effective to promote transcription in tomato plants, an antisense version of a cDNA done encoding 
PG beta-subunit, and a sequence effective to terminate transcription. Via standard molecular biological meth- 
ods, the CaMV35S promoter sequence will be attached to the beta-subunit cDNA insert The cDNA insert will 
be in the antisense orientation. This orientation will be accomplished by attaching the 3' end of the cDNA insert 

25 to the promoter. Preferably, the poly-(A) tail will be removed for the antisense construction with the enzyme 
Nrul which will leave a DNA fragment of approximately 1800 bp for antisense construction (approximately 400 
bp of 3' sequence plus the poly-A tail will be deleted by this method). Therefore, the antisense RNA strand will 
be the transcription product 

A suitable termination sequence, such as the nopaline synthase 3' terminator, will be placed downstream 

30 from the cDNA insert 

The DNA construction will be placed in an appropriate vector for plant transformation. For Agrobacterium - 
mediated transformation, the promoter/cDNA/terminator construction will preferably be placed in a Ti-based 
plasmid, such as pBI121, a standard binary vector. 

In general, transformation will preferably be done with two standard Aarobacterium binary vectors: pBI121 

35 (sold by Clontech taboratories, Palo Alto CA) and pGA643 (developed by G. An at Washington State Univer- 
sity). pBI121 contains a CAMV promoter and GUS reporter gene. The GUS coding sequence will be removed 
by digesting with Sstl and Smal (blunt end). The beta-subunit DNA fragment to be used will be produced by 
digesting with Sstl (sticky end) and Nrul (blunt end). The sticky/blunt ends will allow for directional cloning into 
pBI121 in the antisense orientation. Standard methods for cutting, ligating and E. coli transformation will be 

40 used. 

For plant transformation we will follow, in general, the methods of McCormick (1986, Plant Cell Reporter 
5:81-84) and Plant Tissue Culture Manual B6: 1-9 (1991) Kluwer Academic Publishers. This later reference com- 
piles/compares various procedures for Agrobacterium- mediated transformation of tomato. 

The level of beta-subunit, individual PG isozymes and overall heat stability of total PG activity as a function 
45 of time and temperature in the tomato will then be analyzed. Fruit from transgenic antisense tomatoes can be 
processed and heat-treated to assess levels of PG1 activity. If as the tomato pulp is heated to between 65°C 
and 90°C, and PG activity is halted more rapidly than wild-type fruit, the effort would have been successful. 



50 



55 




7 



EP 0 577 252 A1 



10 



15 



25 



30 



SEQUENCE LISTING 

(1) GENERAL INFORMATION: 
(i) APPLICANT: 

(B) STOECT Th ?4in i S° n ? l°* r *° f Regents on Behalf of The University o 
Xi™ : 1430 East Fort Lowell Road, Suite 200 

(C) CITY: Tuscon 

(D) STATE: Arizona 

(E) COUNTRY : USA 

(F) POSTAL CODE (ZIP) : 85719 

(ii) TITLE OF INVENTION: Transgenic Tomato Plane with Lowered 
Level of Polygalacturonase Isoform l 



(iii) NUMBER OF SEQUENCES: 6 
(v) COMPUTER READABLE FORM • 

(A) MEDIUM TYPE: Floppy disk 
20 (B> COMPUTER : IBM PC compatible 

(C) OPERATING SYSTEM: PC - DOS /MS - DOS 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: EP 93303533 9 

(B) FILING DATE: 07-MAY-1993 



(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 

35 (v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Lycopersicon esculentum 

^ (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

Asn Gly Asn Gly Ala Asn Gly Gin Xaa Val 
15 10 

(2) INFORMATION FOR SEQ ID NO: 2: 

45 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

50 (iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 
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iv) FRAGMENT TYPE: internal 

(vii ORIGINAL SOURCE: 

(A) ORGANISM: Lyccpers icon wculentum 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 

Ala Asn Ala Gly Asp Gin Tyr 
1 5 

(2) INFORMATION POR SEQ ID NO: 3: 

<i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Oligonucleotide 
(iii) HYPOTHETICAL: YES 
(iv) ANTI- SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
GGNAAYGGNG CNAAYGG 

(2) INFORMATION FOR SEQ ID NO:4: 

( i ) S EQUENCE CHARACTER I ST ICS : 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY; linear 

35 (ii) MOLECULE TYPE: Oligonucleotide 

(iii) HYPOTHETICAL; YES 
(iv) ANTI -SENSE: NO 

40 (Xi) SEQUENCE DESCRIPTION : SEQ ID NO:4: 

AAYGCNGGNG AY CARTA 

(2) INFORMATION FOR SEQ ID NO : 5 : 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

iii) MOLECULE TYPE: Oligonucleotide 
(iii) HYPOTHETICAL: YES 
{iv) ANTI -SENSE: YES 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 

ATRTCNCCRC TRTGYTTYTC 
10 20 

<2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2192 base pairs 

(B) TYPE: nucleic acid 
15 (C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Hi) HYPOTHETICAL: NO 

20 (iv) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM : Lycopersicon esculentum 

25 < xi > SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 

TCTCTCTCTT CATCTCTGTT TCACACCAAA GAAATGCACA CTAAAATTCA TCTTCCTCCC 60 
TGCATCTTAC TTCTTCTTCT GTTCTCACTA CCATCTTTCA ATGTTGTTGT AGGTGGAGAT 120 
GGTGAATCTG GTAACCCATT TACACCCAAA GGTTATCTGA TTAGGTACTG GAAGAAACAA 180 
ATCTCAAATG ACTTACCAAA GCCATGGTTT CTTCTGAACA AGGCATCTCC ATTGAATGCT 240 
GCACAATATG CAACTTACAC TAAACTTGTT GCTGATCAAA ATGCACTCAC CACACAGCTC 300 
CATACCTTTT GCTCTTCAGC AAATCTCATG TGTGCACCAG ATCTGTCACC AAGTCTTGAA 360 
AAACACAGTG GAGATATCCA TTTTGCCACT TACAGTGACA AAAACTTTAC CAATTATGGA 420 
ACCAATGAAC CTGGAATTGG AGTTAACACT TTCAAGAACT ACTCTGAAGG AGAAAACATC 480 
CCTGTAAATT CTTTCAGGCG ATATGGTAGA GGTTCTCCCC GTGACAATAA ATTTGACAAT 540 
40 TACGCCTCTG ATGGCAATGT TATTGACCAA AGTTTCAATT CCTATAGCAC AAGTACTGCT 600 

GGAGGTTCAG GCAAATTCAC AAATTACGCG GCGAATGCCA ATGACCCCAA TCTGCATTTC 660 
ACTTCCTATT CCGATCAAGG AACAGGAGGT GTACAGAAAT TCACAATATA CTCACAAGAA 720 
GCCAATGCTG GTGACCAGTA TTTCAAAAGT TACGGCAAAA ATGGGAATGG TGCTAATGGT 780 
GAATTCGTCA GCTATGGAAA TGACACAAAT GTTATCGGCT CAACATTTAC AAATTATGGT 84 0 
CAGACAGCAA ATGGGGGAGA CCAAAAATT C ACATCTTATG GTTTCAACGG CAATGTTCCT 900 
GAAAATCATT TCACCAACTA TGGTGCTGGA GGTAATGGTC CATCTGAAAC TTTTAATAGT 960 
^ T ACAGAG AT C AATCGAATGT TGGAGATGAC ACATTCACTA CCTATGTTAA GGATGCAAA 1020 

GGCGGTGAAG CGAATTTCAC CAACTATGGT CAATCATTCA ATGAAGGTAC TGATGTATTC 1080 
ACTACTTACG GCA^AGGGGG TAATGACCCA CATATCAAT7 T C AAAACTT A CGGAGTTAAC 114 0 
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mACACTTT'_A 


AAGATTATGT 


CAAAGATACT 


GCTACATTTT 


CCAATTACCA 


CAACAAAACT 


1200 


10 


tclcaagttt 


TAGCATCGTT 


GATGGAGGTC 


AACGGTGGTA 


AAAAGGTGAA 


TAACCGGTGG 


12 HO 


GTTGAGCCCG 


GAAAGTTTTT 


CCGGG AG AAG 


ATGTTGAAGA 


GTGGTACAAT 


CATGCCTATG 


1320 




CCAGATATAA 


AGGATAAGAT 


GCCTAAAAGG 


TCCTTTTTGC 


C CCGGG TG AT 


TG CTT C C AAA 


1380 




TTACCATTTT 


CTACTTCAAA 


AATTGCTGAG 


CTGAAGAAAA 


TCTTCCACGC 


CGGTGATGAG 


1440 


15 


TCTCAGGTGG 


AGAAGATGAT 


CGGCGATGCA 


TTGAGTGAGT 


GTGAAAGAGC 


ACCGAGCGCC 


1500 




GGTGAGACGA 


AACGATGTGT 


TAATTCAGCT 


GAAGATATGA 


TTGATTTCGC 


AACATCAGTG 


1560 




TTGGGTCGAA 


ACGTCGTCGT 


TCGAACGACT 


GAGGATAGAA 


AAGGATCAAA 


TGGGAATATC 


1620 


20 


ATGATTGGAT 


CAGTCAAAGG 


AATCAACGGT 


GGAAAAGTTA 


CTAAATCAGT 


ATCATGTCAT 


1680 


CAAACGCTGT 


ACCCTT ACTT 


ACTGTATTAC 


TGTCATTCGG 


TTCCTAAAGT 


CCGGGTCTAC 


1740 




GAAGCGGATA 


TTTTGGACCC 


GAATTCAAAG 


GTTAAGATCA 


ATCATGGTGT 


CGCGATTTGC 


1800 




CACGTGGATA 


CATCTTCATG 


GGGAGCGAGT 


CACGGAGCGT 


TTGTCGCACT 


CGGGTCGGGA 


1860 


25 


CCCGGGAAAA 


TAGAAGTTTG 


TCATTGGATC 


TTTGAGAATG 


ATATGACTTG 


GGCAATTGCT 


1920 




GATTGAGAAA 


AAAAAAAGAA 


ATGAAATAAT 


ATGCAAAATT 


TCTAATTCGG 


GTCGAACCGG 


1980 




GTGTGTTACA 


AGAAGAAGAA 


AAAAGGT A CC 


ACTGGTTTGA 


CTTTTATAGT 


AATTATTATT 


2040 


30 


ATTATAGTCT 


TAATT TAT AT 


TTTGAGTAAT 


TTTCGTGTAA 


GTTTCTCTTT 


GCCTTCATTA 


2100 




AGTATGAATG 


GCTATCAATT 


TACACTATTT 


GTTATGTAAT 


CATTTTATTG 


TTG ACT CAT A 


2160 




TTTGAGCAAG 


GTAATGTAGT 


TATTGC CAGA 


TG 






2192 
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Claims 



1 pricing thelSps'lf 9 * tranS9eni ° tomM ° containin 9 a lowe «* level of polygalacturonase isoform 1 . com- 

a) isolating a DNA sequence encoding at least a portion of the polygalacturonase beta-subunit. wherein 
the portion ,s sufficient to hybridize effectively to an mRNAfor the polygalacturonase beta-subunif 

b) creatmg a genetic construction from the DNA sequence, wherein the DNA sequence is positioned 
so that an antisense polygalacturonase beta-subunit RNA is produced from the construction- and 

c) transformmg a tomato cell with the genetic construction, whereby the tomato cell produces a lowered 
level of polygalacturonase isoform 1 . 

Z ma«on eth0d * C ' aim 1 Where ' n ^ transformin 9 ste P is Performed by Agrobacterium -mediated transfor- 

3. The method of claim 1 or 2 wherein the cDNA clone has substantial homology to SEQ ID NO: 6. 

4. A genetic construction comprised of: 

a) a promoter capable of expressing a downstream coding sequence in a tomato planf 

b) a sequence encoding an RNA of at least fifteen nucleotides complementary to the mRNA of tomato 
polygalacturonase beta-subunit; and i°mato 

c) a 3' termination sequence. 

5 ' 1^^°*," ° f C 'f m o i wnerein the s«l"ence encoding the polygalacturonase beta-subunit is sub- 
stantially homologous to SEQ ID NO: 6. 

6. A bacteria containing the construction of claim 4 or 5. 

7. A transgenic tomato fruit, wherein said tomato has lowered levels of the polygalacturonase isoform PG1 . 

8. A transgenic tomato fruit, wherein said tomato has lowered levels of polygalacturonase beta-subunit. 

9. A transgenic tomato containing the construction of claim 4 or 5 

10 ' t^ Sg6niC > t0m f l ° P ' ant Comprisin 9 in its 9 enome a f <>reign genetic construction comprising a promoter 

mRM^f ThlT ; 3 C ? dm ? re9i0n enC ° din9 3n RNA ° f at ,east 15 nucleotides complementary to the 
mRNA of the tomato polygalacturonase beta-subunit gene, and a transcriptional terminator. 

11. Seed of the tomato plant of claim 10. 
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